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REPORT No. 324

FLIGHT TESTS ON U. S. S. LOS ANGELES

PART I—-FULL SCALE PRESSURE DISTRIBUTION INVESTIGATION
By 8. J. De France

SUMMARY

The investigation reported herein was conducted by the Mational Advisory Committee for Aero-
nautics ai the request of and in conjunction with the Bureau of Aeronautics, Navy Department.
The purpose was primarily to obiain simultaneous data on the loads and stresses experienced in
Jlight by the U. 8. 8. Los Angeles, which could be used in rigid airship structure design. A second-
ary object of the inrestigation was to determine the turning and drag cﬁaractenshcs of the airship.
The stress investigation was conducted by the Navy Deparhnent

The aerodynamic loading was obtained by measuring the pressure at 95 locations on the tail
swj'aces, 64 on the hull, and & on the passenger car. These measurements 1were made during a
series of maneurers consisting of turns and rerersals in smooth air and during a cruise in rough
air which was ust short of squall proportions.

The results of the pressure measurements on the hull indicate that the forces on the forebody
of an airship are relatively small. The tail surface measurements show conclusively that the forces
caused by gusts are much greater than those caused by horizontal maneurers. In this intestigation
the tail surface loadings caused by gusts closely approached the designed loads of the tail structure.

The turning and drag characteristics will be reported in separate papers.

INTRODUCTION

Since the design data for rigid airships is still largely empirical, it is obvious that as much
additional information as is possible should be obtained from each new design. Onse of the
greatest deficiencies in design date is that concerning the forces imposed upon an airship by
various maneuvers and by gusts, especially the latter. With this in mind, the Bureau of
Aeronautics, Navy Department, instituted an elaborate series of tests on the U. S. S. Los Angeles
for the purpose of determining the aerodynamic loads, their distribution, and the resulting
stresses in certain structural members of the airship. As e secondary object of this investigation,
deta were to be obtained from which the turning characteristics of the ship could be determined.

The work was divided into two parts. The Bureau of Aeronautics, Navy Department,

conducted the stress investigation and the National Advisory Committee for Aeronautics
obtained the serodynamic load distribution and turning data. All of the data obtained by
both agencies were taken simultaneously and the records were synchronized. It is the purpose
of this report to present the results of that part of the investigation which was conducted by
the National Advisory Committee for Aeronautics.

Probably the best way of obtaining the aerodynamic forces acting on en airship is by the
determination of full-scale pressure distribution. Such investigations on rigid airships to date
have been limited to the British tests on the B-32 (reference 1), R-38 (reference 2), and the
R-38 (reference 3), and to an investigation made in Germany on the LZ—126 (the present U. S. S.
Los Angeles), the results of which have not been published. In this country previous airship
pressure distribution investigations have been confined to the research on a nonrigid type,

the C-7 (reference 4).
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With the exception of the tests on the R—83 and (-7, all of these investigations have con-~
sisted of measuring the pressures at comparatively few points. In the investigation herein
described the pressures were measured at 95 points on the tail surfaces, 54 on the forward portion
of the hull, and 5 on the passenger car. The pressures at these locations were recorded during
turning maneuvers and while the ship was encountering gusts.

APPARATUS AND INSTALLATION

In order to measure the pressures, orifices of the type illustrated in Figure 1 were secured
to the outer cover, flush with the surface, at the location shown in Figure 2. On the hull, as

FIGURE 1.—Pressure orifice

shown in Figure 2, a row of orifices, was installed along longitudinal 2 from the nose back to
frame 145, and two circular rows girdled the hull at frames 175 and 145. In each of the circular
rows, four orifices were located between longitudinals 2 and 2% to determine the effect of the
polygonal shape upon the pressure distribution. Orifices were also located inside of the hull,
at the points indicated by arrows in Figure 2, for the purpose of determining the fabric loading.

The installation of orifices on the tail assembly (fig. 2) was concentrated on the lower fin
and rudder, end on the starboard fin and elevator. The orifices were secured to the opposite
sides of the lower fin and rudder at 41 stations and to the opposite sides of the starboard fin and
elevator at 42 stations. In addition, orifices were fastened te both sides of the upper and port
fins at six stations on each. These were used to obtain pressures for checking purposes.
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To determine the fin effect of the passenger car, five orifices were secured to each side of
this body at the locations shown in Figure 2. :

The pressures were transmitted from the orifices to multiple recording manometers by means
of ¥-inch aluminum tubing. The manometers (fig. 3) were developed by the National Advisory
Committee for Aeronautics for these tests. Hach consists essentially of a light-tight aluminum
box on which are mounted 80 pressure cells (reference 5), a light source, and a constant=speed
electric motor which draws photographic film past the pressure cells at a speed which can
be varied by a gear shift. Each manometer records 60 pressures simultaneously and con-
tinuous records can he obtained for periods of time varying from 1 to 4 minutes, depending upon
the film speed used.

The system used for the hull pressure measurements is shown schematically in Figure 4.
As shown, the external pressures normal to the surface were measured relative to that within
the keel, which in turn was measured relative to the static pressure as obtained by a static head
suspended 30 feet below the ship at frame 165. If the readings of static pressure had been
satisfactory, the true aerodynamic pressures acting on the hull could have been determined by
adding the two values algebraically. However, the suspended static head was in a disturbed
area caused by the passenger car, and the static pressure readings therefore were erratic. Con-
sequently, the pressures acting on the hull could be accurately measured only with respect to
the keel pressure. o

FGURE 8.—Type 60 recording multiple manometer

A diagram of the pressure system used on the tail surfaces is given in Figure 5. Orifices on
opposite gides of the tail surfaces at the same station are represented by X and Y. By connect-
ing these to the opposite sides of the same pressure cell, the resultant normsal pressure was
recorded for that station. The internal fin pressure is denoted by Z.. By connecting X and Z
to another pressure cell, the fabric loading was obtained.

In addition to the multiple manometers employed for recording the pressures, the following
instruments were used on board the ship:

(1) N. A. C. A. Recording Altimeter and Atr-Speed Meter—This instrument-is a standard
recording air-speed meter (reference 6) with a sensitive aneroid unit incorporated in it. The
air-speed unit was connected by rubber tubing, through a flexible metal hose, to a Pitot-static
head (fig. 6), which was suspended 35 feet below the ship at frame 110. Since the Pitot-static
head was in a region where the disturbance caused by the ship was negligible, and since the
flexible hose permitted the head to turn and assume the true flight path, the true dynamic
pressure was recorded.

(2) N. A. C. A. Recording Tummeter (reference 7).—This instrument was mounted so that
it could be employed to give a continuous record of the angular velocity in either pitch or yaw.

(8) N. A. C. A. Conirol Position Recorder (reference 8).—This instrument was located in
the lower fin so as to have the shortest possible connections to the control surfaces and thereby
reduce the error in movement caused by the slackness of the control cables.
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(4) N. A. C. A. Recording Yawmeter.—This instrument consists of 2 motion-picture camera,
which is operated by a constant speed electric motor (fig. 7) and a streamlined “fish” which
is stabilized by teil surfaces and attached to the end of a cable by a swivel. In operation the
“fish” was suspended below the airship, where it was free to take up the true flight path. The
camera was aligned with the axis of the ship at frame 80, so that the angle between the axis of
the “fish’” and the edge of the film gave the angle of yaw for this station on the ship’s axis.
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(6) N. A. C. A. Recording Inclinometer—This instrument consists essentially of an oil-
damped pendulum mounted in the standard pbotographic recording type of instrument used
by the National Advisory Committee for Aeronautics. It was used to record the angle of the
airship’s axis to the horizontal. Enowing the rate of descent obtained from the sensitive
altimeter record, and the air speed, the sine of the angle of the flight path was determined.
The algebraic sum of this angle and the angle of inclination gave the angle of pitch.

FrouRE 8.—Suspended Pitot static head

(8) N. A. Q. A Chronometric Timer (reference 9).—All of the above instrument records were
synchronized by means of this instrument.

In addition to the instruments mounted on board the airship, a camera obscura (reference 10}
was located on top of the hangar to determine the turning characteristics independently of the
data taken on the ship.
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FLIGHT TESTS

The test program was divided into two parts—(a) maneuvers in smooth air and (b) flights
in rough air to determine the effect of gusts. Because of the condition of the gas cells at the
time of the tests and the necessity of conserving helium, it was considered undesirable to make
vertical maneuvers. Consequently, all of the smooth-air maneuvers were confined to the hori-
zontal plane. When the air in the vicinity of Lakehurst was smooth enough, these maneuvers
were carried out over the camera obscura; but when the locel conditions were rough, the tests
were conducted well out to sea, where smooth air prevailed. Consequently, camera obscura
measurements were not obtained during all of the tests. The second part of the program
consisted of taking a series of continuous records while the ship was cruising in rough air.

FIGURE 7.—Automatic angle of yaw recorder

A list of the maneuvers performed during the tests is given in the following table:

TABLE I ...
FLIGHT TEST PROGRAM—U. 8. 8. “LOS ANGELES” PRESSURE DISTRIBUTION

M Reéquested rudder angle i Reduested ~
aneuver es U ang! @) )
e B 1)

Of the above maneuvers the steady turns need no additional comment. The reversals,
deceleration runs, and rough-air tests, however, might be further described. In the reversals,
the airship was put into a right turn and when the turn had reached a steady condition, the
rudders were rapidly reversed to-the corresponding position for left turn. Records were
obtained on all instruments from an instant-before the rudders were reversed until the airship
had reached a condition of steady left turn.
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The deceleration tests, which were made to determine the drag characteristics of the
airship, were carried out in two ways—(a) with the propellers stopped and (8) with the propel-
lers disengaged and idling. The procedure in these tests was to stop all of the engines simul-
taneously while the ship was in steady horizontel flight and then to take a record of the air
speed against time while the ship was decelerating.

The rough-air measurements were made while the airship was cruising in gusty air. There
was, of course, no way of determining when the airship was about to encounter & gust. How-
ever, the air was particularly rough, with frequent gusts, while the data were being obtained,
so that by taking a series of continuous records, each of four minutes’ duration, the effects of
several gusts of varying intensity were recorded.

During all of the tests an observer was placed at each instrument station in the ship to
see that the instruments were working properly and fo load them as it became necessary.
Communication was established between the stations by means of & buzzer system and between
the master station and the control car by word of mouth. As each maneuver was about to be
performed, the master observer signaled a warning to the instrument stations. Then, at the
proper moment, he indicated the start of the test and threw the control switch, thus starting
all of the instruments at the same time. A similar procedure was carried out at the end of each
maneuver. Consequently, the observers knew when the instruments were supposed to be
operating. At the start of each flight over the camera obscura, & radio signal was sent to the
operator, who started a stop watch and synchronized his records with those on the ship. All
runs, with the exception of the decelerations, were of four minutes’ duration.

COMPUTATION OF RESULTS

The pressures obtained on the tail surfaces were plotted upon drawings of the surfaces
(figs. 8 to 27), and the resulting curves drawn through the points were integrated to determine
the load per running foot of surface. These loads in turn were plotted agsinst the length of
the surfaces and the curves drawn through the points were integrated to obtain the total loads.
The total loads were converted into coefficient form by the following equation

2F
ONF=W
Cyr=normal force coefficient.
where F =total load.
p =air density af time of {ests.
S =area of the surface.
v =true velocity.

The pressures on the hull could not be expressed in coefficient form because of the erratic
readings of static pressure previously mentioned, which prevented the determination of the
true aerodynamic pressures. Therefore, the values which are given in Table V and plotted in
Figures 28 to 86, are with reference to the keel pressure.

The transverse forces acting at frames 145 and 175, Table VI, were determined by plotting

the values of pressure, obtained around the ship at these frames, upon base lines representing

the horizontal and vertical diameters and integrating the resulting curves.
The resultant transverse pressures on the passenger car were determined in the same
manner as the resultant pressures acting upon the tail surfaces. These results are given in

Table VII,
. PRECISION

The possible sources of error in the pressure measurements are:
(@) Irregularity in the airship’s surface in the vicinity of the orifice location.
(&) Tube stopped or leaking.
(¢) Change of calibration of pressure cell.
(d) Effect of acceleration of air in tubes.
(¢) Time lag due to length of tube.
104397—30——80 '
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The error due to (a) was negligible, since all of the orifices were located within 18 inches
from a girder where, the true shape of the ship was maintained and the fabric was taut. The
possibility of error due to (b) was removed, since the tubing was inspected after each flight and
the data which were obtained from defective tubes were deleted. A clamping device was
attached to each manometer which permitted the clamping off of all of the tubes leading to the
orifices and the opening of tubes leading from & reservoir to the pressure cells. With the aid of
& U-tube manometer which was connected to the reservoir, cahbratmns were made of all of the
multiple recording manometers after each flight. There was a slight change (¢) in the callbra-
tion of the pressure cells during the tests, and this could account for a maximum error of 2 per
cent in the pressures.

The effect of acceleration of the air in the tubes ﬁa’.) was eliminated in the tail surface pres-
sures, since only resultant pressures were measured apd the tubes from the orifices on each side
of the surface ran parallel to each other from the surface to the manometer. In the hull pressure
i:nsta.llation, where the normal hull pressures were measured with respect to the keel pressures,
there is a possibility of some error being introduced in the longer tubes. However, the manom-
eter was centrally located so that the average length of tube was about 50 feet and the only
appreciable error would be in the measurements from the nose orifices where the tube length
reached 100 feet. The probable error in the measurements from these long tubes is 1 per cent.
The error due to time lag in tubing () is negligible, since it has been proven by tests (reference
11) that lag in ¥-inch tubing for 100-foot lengths is tao small to measure, and in no part of the
installation did the length of an individual tube exceed this value. Consequently, it is safe to
say that the tail surface pressure measurements are not in error by more than +2 per cent and
the hull pressures by not more than +3 per cent.

The greatest error in the results is due to the fairing of the curves thmugh the points of
plotted pressures. The fairing of these curves could cause & maximum error in the total loads

of +5 per cent.
DISCUSSION OF RESULTS

TAIL SURFACE RESULTS

The results are presented in tabuler and curve form. The maximum pressures recorded for
the vertical tail surfaces during turning maneuvers are given in Table II and are presented graphi-
cally in Figures 8 to 23. It will be observed that during all of the maneuvers there was & concen-
tration of pressure in a vortex area along the leading edge of the fin. In several cases these
locel resultant pressures, which were the average of the vortex fluctuations, exceeded 100 per
cent ¢ at points 4A and 5A on the lower fin, and in one case, run Number 13D, a vslue of 1.42 ¢
was reached. These pressures were large but localized, so that the total loads on each surface
Wwere never excessive. _ '

The maximum fin load encountered during the tqrning maneuvers in smooth air was 2,139
pounds. In Table IV this load is reported as having been encountered by the surface during
areversal. Actually, it occurred while the airship was in a right turn, since the rudders had not
been reversed at the time that the record was obtaingd. Unfortunately, the normal force coeffi-
cient could not be positively determined for this load, because the air-speed recorder failed and
only an approximate value of the dynamic head could be obtained. The approximate head was
1.53 inches of water and the corresponding normsl force coefficient was 0.253. This value was
exceeded in two of the steady turns at slower speed. The maximum normal force coefficient
for a fin elone during the smooth-air maneuvers was 0.320. This occurrred during a steady
turn at a speed of 64.4 feet per second with rudder 8.3° to starboard and resulted from a load

of only 1,482 pourds.
' The maximum normal force coefficient for the rudder alone and also the maximum over-all
normal force coefficient for the fin and rudder combined, resulting from the turning maneuvers,
occurred during a reversal of the helm. In this maneuver, run Number 3C, the rudders were
reversed from 12.35° right to 11.55° left in 9 seconds, while the airship was making a speed of
71 feet per second. The resulting coefficients were 0.323 for the rudder and 0.268 for the
rudder and fin together.
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While flying through gusts, the local pressures and the total loads encountered by the tail
surfaces greatly exceeded the values obtained during horizontal maneuvers in smooth sir.
The pressures caused by two gusts are given in Table IIT and graphically represented in Figures
24 10 27. Only the results of two gusts are given, but these represent the largest loads encount-
ered during 10 runs of approximately four minutes each, which were made during an elapsed
time of four hours. Considering that all of these runs were made in rough air which was just
short of squall proportions, the results of these two runs indicate the dangerous loadings that
might be expected in & storm.

Considering the total loads and normal force coefficients in Table IV, it can be seen that the

greatest effect of the gusts was in a vertical direction. The Los Angeles was designed to with-
stand a force equivalent to a normal force coefficient of 0.34 simultaneously on each set of tail
surfaces. In run Number 4A, the normal force coefficient for the horizontal surfaces was 0.349,
but that for the vertical surfaces at the same instant was only 0.126. Consequently, the
design loading was approached but not exceeded even though the vertical loading was large.
In run Number 5A, the design limit for the tail surface loading was more closely approached.
Unfortunately the air-speed recorder failed during this run, so thet only an approximate value
of the dynamic head could be determined. Consequently the normal force coefficients may be
in error, but by not more than 10 per cent. Allowing for this possible error, the normsl force
coefficient for the starboard fin and elevator is still large, and combining this with the normal
force coefficient for the vertical surfaces, the resultant closely approaches the design value.

HULL AND PASSENGER CAR RESULTS

The investigation of the hull pressures was not as successful as that of the tail surfaces.
The trailing head, from which the static pressure reference for ell of the hull pressures was
obtained, was not suspended far enough from the keel at frame 165 to be outside of the disturb-
ance caused by the passenger car. Consequently the pressures given in Table V and repre-
sented graphically in Figures 28 to 36 are given with respect to the keel pressure. It might be
mentioned, though, that by checking the nose pressure, obtained in this manner, against the
eir speed head it was found that there was never a discrepancy of more than 8 per cent, and
therefore it is probable that the velues of pressure given with respect to the keel pressure are
within 8 per cent of the true aerodynamic pressure.

The error in the true aerodynamic pressure dats did not affect the determination of the
transverse forces at frames 145 and 175, since these forces were obtained by integrating the
resultant pressure curves and, consequently, the effect of the static pressure was eliminated.
The transverse forces for these two rings are recorded in Table VI. As can be seen, there was
only one smooth-air maneuver that caused a sizable force. This was a steady turn, run Number
5C, and even in this case the force at frame 175 was small. The force at frame 145 might have
been caused by a localized lateral gust. The forces obtained during the rough-air flights were
somewhat larger, but indications are that for no condition were the forces on the forward portion
of the hull excessive.

From the investigation of the pressures on the passenger car, it was found that the fin’

effect of that body was practically negligible. The resultant pressures are given in Table VII.
The maximum pressure obtained was 0.78 1b. per sq. ft. and the majority of the values were
practically zero. Therefore the total transverse force, and consequently the fin efect, of the
passenger car, wers small.

The orifices for measuring the fabric loads were located in the region of maximum pressure
on the fin, close to the leading edge, and at three points each on transverse frames 145 and 175.
At each location, one orifice was mounted on each side of the cover. The resultant pressures
from these orifices are presented in Table VIII. The fabric loading of the hull cover never
reached a value as large as 1 Ib. per sq. ft., and on the fin cover, a maximum value of only 6.60
lb. per sq. ft. was obtained. Consequently, no excessive stresses were set up in the fabric.
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TURNING AND DRAG CHARACTERISTICS

The turning characteristics could not be determined from the records taken on board the
airship because of the inconsistent readings from the turnmeter. This instrument was of the

airplane type and did not-maintain the sensitive adjustment necessary for airship use. How ever,

this information has been obtained from the camers obscura data. 'The results from these data
will be given in a suhsequent report.

The deceleration tests were not entirely satisfactory. During these tests the air speed
fluctuated so much that, consistent data could not be obtained. Consequently, the shape coeffi-
cients which were determined were only an indication of the drag characteristics. Another series.
of deceleration tests has been made on the U. S. S, Los Angeles at a more recent date and the
data were very consisfent. . The results of this investigation will be given in a separate report.

CONCLUSION

The results of this investigation show that no excessive aerodynamic loads are imposed
upon an airship by normal horizontal maneuvering in smooth air, but that gusts encountered
while cruising in rough air can cause forces which clgsely approach the design limits of the .
structure. _ ' )

As & recommendation for future mvesnga.tmn, apparatus should be developed to carefully
study the structure of the air with especial reference to-gusts.

Lanerey MEMORIAL AERONAUTICAL LLABORATORY,
NarronaL ApvisorY COMMITTEE FOR AERONAUTICS,
Lanarey Fiewp, Va., August 14, 1928.
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TABLE II
RESULTANT PRESSURES ON TAIL SURFACES—TURNING
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Note.—Poslitive pressares aét from port to starboard.

* Approximate.
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TABLE II

FLIGHT TESTS ON TU. S. S. LOS ANGELES

MANEUVERS U. 8. 8. “LOS ANGELES”
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TABLE III

RESULTANT PRESSURES ON TAIL SURFACES U. 8. 8. “LOS ANGELES” DUE TO GUSTS
[Pressures in Ib.fsq. ft.}

Orifice Run Run " Orifice Run Run i Orifice Run Run
No. - | No.4A | No.5A No. No. 4A | No. bA | - No. No. 4A | No. 5A
STARBOARD FIN AND ELEVATOR
1A ool 7.29 6.25 18.02| 'T8.08 0.%6 2.88
1A% 8.13 812 3.13 182 —1.30 L4
.29 .62 230 208 1093 | 1220
2.88 2.60 L& : o.gj —0.78 2.60
4,69 812 a07{ * & 8.85 | 1L45
5.22 4.15 130 0.78 —-1L.04 0.35
2,08 1.82 130 Q.67 —3.685 1 4,42
2,87 1.5 o.62! 038 -1.30 2,86
10,68 7.80 7.8l 625 182 8,58
© 130 1.04 L8| LEs 0.53 3.12
417 2,60- 0521 - o.g 0.52 2,08
261 094 7.8 . 1. . —&78 052
10.68 7.80 1,82 2,08 -8 0.00
156 L50 0.00] . 0,00 —0.28 L 56
313 2.08 18.02 18.10 —0.78 .52
. 219 1.04| 0.562 2.60 0.00 0,00
LOWER FIN AND RUDDER

208 | 218§ BA_ccaaee —-3.12 “_‘-_’-a.my 10B.......] ~L00| —208
. BA' v ] 10C —-1.30 | —2.08
—-2.08| —2.02 6B..--- . =208} —285 : 0,00 —G10
—0.00 0.00 || 60ccm-—a-] —L80; =L82 —4.00]| —71.28
—-L88| —-218 —0.78| =L} 481 —8.90
—2.85 |- —812 || 7A.. —1.82 | ‘<L% —3.88| —572
~-130| -L30| 7B -0.78|  —~1.09 —L0¢| —2.08
-L30| -Ls|I7C —0.521 —0.78 0.00 | —0.68
—2.08| —20[7D 082 ~lLld —4,17] —6.u
0.00| —Lo04( 8A —L30| =288 —-L30| —L5
—2.08) —208} 8B 0.63 ) T¥LO4 —0.78| —L04
—1.30] -L82} 8C —0.63 | “+L19 0.00 | —0.26
—0.78 | —L48 [l 9A. —L%0| -510 208 | —4.58
0.00| -—-L56| 9B —0,52| —042 | —0.%
—0.52| —0.94 || 9C. - 02| -—-L04 ) [ —5.30

—0.62( -—-L30[|10A..._...] —208]  —25 : i

NOTE.—Run 4A, ¢=8.01 1b./sq. ft. Run aAd g=7.02 lh.lsqgontb(spproxlmnte).
D.

Positive pressures sct from port to starboard and bottom
TABLE IV
FORCES AND NORMAL FORCE COEFFICIENTS TAIL SURFACES U. 8. 8. “LOS ANGELES"”
Ruf | Timing | Rudder " | Fin1oad, | Rudder | Totar | cur ox. Cwr ™
Maneuvers | No, | interv position lbfn.- 1bs,  |load,lbs.| load, Ibs.| Fin Rudder | Total
LOWER FIN AND RUDDER
4B | 3 9.70° L. 810 —1,256 87 [ =1,188 | —0.101 0.088 | —0.140
4C | 7 8.30° R. 4,87 1,482 —182 ; 1,300 320 | —.201 .
50 | ¢ 7.85° R. 598 1,538 —20 1 1,304 L0447 — 187 173
B | 5 12.76° B, 4.47 968 ~212 756 .04 - .138
13D | 18 12.85° R. 3.95 1,184 —200 o84 282 —. 244 .168
60 | SF.E1 | 13.25°R. 5.98 1,936 —207 1,680 .805 —. 240 .216
gg_ 1 9.05° RB. 5.82 8 ~182 548 .18 —. 151 074
214 4.5° L. 563 1,460 219 1,679 .45 .188 .28
5D. | 6 7.70° L. 5.5 | —1,045 120 —928 — 177 104 —.181
30 | 2 12.36° R. 5.41 1,466 —28 1,188 256 —~. U8 173
30 | 84 6.50° L. 5.36 1,458 | 358 1,817 .257 .88 .
:;% 6 11.58° L. 478 | —Lul 168 —073 —~227 | » .172 —. 162
1 4 ZE50° R, | *7.98 2,139 —217 1,922 * 253 —.132 .,
‘17D | 6 11.65°L. | *6.50 559 018 *. 085 * 45 I
| 7. 1218 L. | *6.30 —205 315 110 * 031 ] *. 0l
7D | 8 -1215° L, | *6.8 | —1612 281 | —1,381 s 223 . 100 * 154
4A | 8 3.05° R. 801 | —L031 —248 | —1,277 —.121 —~. 149 -
5A n&. 8690°R. | *7.02 | —1,680 -3 | —g012 | *—.227 —22 | *—.33
- STARBOARD FIN AND ELEVATOR
h air... 834 ' 15.60° D. 8.01 8,277 274 &80 0.208 0.146 0.340
Roﬁlg ________ & o;{. 1840°D. | 17.02 2, 583 986 %m 1,856 1508 1,400
*Approximate, )

Norx.—Positive pressures act from port to starboard and from bottom fo top.

Lower fin area=1,061 8q. ft.
Lower rudder area=207 sq. ft.
Starboard fin area=1,018 5q. ft.
Starboard elevator area=235 aq. ft.
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TABLE V

PRESSURES IN POUNDS PER BQUARE FOOT

FLIGHT TESTS ON U. S. 8. LOS ANGELES
PRESSURES ON HULL OF U. 8. 8. “LOS ANGEL
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TABLE VI .. -
TRANSVERSE FORCES AT TWO FRAMES U. 8. 8. “LOS ANGELES" HULL

Frame 146 Frame 1756
Run No. Timlr‘LTgaI inter- = -
. Vertical | Horlzontal | Vertical | Horlzontal
ibs. 1bs. Ibs. 1bs.
- %

14,40 —12.2 8.70 23,00
1161 1L8 2.5 17.50
.10, 87 —10. 47 —4.60 12.87
© 8,67 578 | —4.40 9.83
13,78 25,88 | —1.00 5.60
0.13 1308, | 8.8 820
1,38 5.20,, 6.33 7.87
_Lsp 10,00 [ —s8 40 528
X —3.07 12,83° 127 2,87

Norz.—Positive forces act up and to starboard.
TABLE VII.__
TURNING MANEUVERS U. 8. 8. “LOS ANGELES"—RESULTANT PRESSURES ON PASSENGER CAR

RUD NO-—aeeecceanne 8 | 40-| 50 | 6@ | 30 8o | sc
Timing interval......| 2 7 9 V) 2 84 8
e Ib it e e 68,10 487 7| 898 5.08 541 536 473
Dist. to :
Orifice No. | nose of Resultant pressures In Ib.jsq. ff.
oar, ft.
) : T '
15.0 —.26 0 .78 K [ .10 f 0 .31
2.7 —321 | —42 26 —id2 | -2l -2 —.21
30.8 —78 . —78 ) -6 ; -7 —.62 —.78
38.0 0 -3 .52 —. 62 —.81 0 -8
.6 | —10{. 0 B0 l ] 0 0
A ot .- L . _..',_
1 Fifth from end of record.
TABLE VIII

RESULTANT PRESSURES ON FABRIC OF TAIL SURFACES AND HULL DURING MANEUVERS
IN SMOOTH AIR

: ! : : Su— o
RUD NOw e emmc e mmmeeeer] 4A [ 5A | 4B | 40 | 5C | 2B [ 13D ' 6¢ | &D,| 5D | 5D | 3C | 30 { 80 [ /D | 17D o 1D
. i . .
Timing toterval .| SKIWe| 2 | 7|9 5 | B[O 1'lam| 6} ||| a6 v 8
_ T .
Orifice No. . . Lower fin and rudder pressure in 1b./sq. ft
TA-1A oo 40.00097 000000000 c00{0os!0os]ois]010]o10 010 0.00l0| 0| oo
2A-2A" .00 10,00 1.04 | 244 | 3.12| 218 | 2.8 | 817 | 256 [ 2.50 ) .99 | 281 |1.82| .52 348|104 1.04| L&8
8A-8A7. 130|180 | 208 |Lez|{208|Loe|Laz|z60] 62| L77|nor| 218|140 zel]|206f o480 250
4A4A" 0.00| L4 [ 130|161 | 208 | Lb1|2.04 208|250 | 104  .42/L77[To0| .62[244| .78 | 130} Les
SA-BA’ 0.00| 166|374} 114 180| 78| .78 |156| .68 .88 [ 260] .83 | .42 (202|158 ] 00| 229 | 036
8A-BA” 182166 4,68) 204|106 ..42] 00| .68| 78| 42{431| .78, .68 436| .78 .00!213| 0.60
1B~1B7 I wes | sr L6t | 88| 130 | 62| 78| 130 ) (64| (68| 126|180 Li4| 47 166 156| 88| .62
Hull pressure in Ib./sq. ft.

.18 oo_t.'.?gg .00 | oiot =l L Foo| .ol .2}

a7| ol lzé| ls2 .43 05! lae) 0}

a1l ss! i) loo 218 31| o) [1e

a1l to5) i10] 28 : 81| 21| s10

a7 18! toof, 00! = 00 {10

¥ ) le 2| e T M 62| .ar l3e

B i B _

1 Indicates fifth from end.
NoTE.—Manometer for recording hull pressures was not on board during all runs, causing the lack of hull data.
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Pressure distribution on lower fin and rudder. Steady turn. Run No. 4§B—iiming interval 2.

FIGURE §

Rudder position 9° 15 port. Alr speed 50.6 M. P. H.

NKoTE.—Positive pressures acting from port to starboard
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Steady turn. Run No. 4C—iiming Interval 7.

FI1aURE 9.—Pressure distxfbution on Jower fin and rudder.

Rudder position 8° 15 atarboard. Air speed 43.6 M. P. H.

Note.—Positive pressures acting from port to starboard
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Fi16URE 10.—Pressure distribution on lower fin and rudder. Steady turn. Run No. 5C—timing interval 9.
Rudder posttion 7° 30’ starboard. Air speed 51.2 M. P, H.

Notz.—Posltive pressures aoting from port to starboard.
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Frourx 11.—Pressure distribution on lower fin and rudder. Steady turn. Run No. 2B—timing interval 8.
Rudder position 12° 45 sterboard. Alr speed 43.6 M. P. H. -

NoTte.—Positive pressures acting from port to starboard.
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Local pressure scale,
b./sq.17%
g
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FLIGHT TESTS ON U. 8. S." LOS ANGELES
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12.—Pressure distribution on lower fin and rudder. Steady turn. Run No. 13D—timing interval 13.

Rudder position 12° 30" starboard. Air speed 41.7 M. P. H.

Notx.—Pasitive pressures acting from port to starboard.
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FIGTRE 13.—Pressure distribution on lower fin and rudder. Steady turn. Run No. 6C—timing interval 5th

from end. Rudder position 12° 45" starboard. Alr speed 50.8 M. P. H.

Norte.—Positive pressures acting from port to starboard.
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FIGURE 14.—Pregsure distribution on lower fin and rudder. Bteady turn. Run No. 5D—timing Interval 1,
Rudder position 8° starboard, Afr speed §0.1 M. P. H. ' .

NoTE.—Positive pressures acting from port to starboard.
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FIGURE 15.—Presgure distribution on lower fin and rudder. Sfeady twrn. Run No. SD—timing Interval 24
Rudder position 6° 456° port. Alr speed 48.1 M. P. H.

NoTE.~Pasitive pressures acting from port to sterboard. I
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FleuRE 16.—Pressure distribution on lower fin and rudder. Steady turn. Ruan No. §D—timing Interval 6.
NoTe.—Positive pressures acting from port to starboard.
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NoTE.~—~Posltive pressures acting from port to starboard.

FIGURE 17.—Pressure distribation on lower fin and rudder. Reversal of helm—starboard to port.
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FIGURE 18.—Pressure distribution on lowér fin and rudder. Reversal of helm~—starboard to port. Ran No.
30—timing interval 344, Rudder position 3° port. Alir speed 48.1 M. P. H.

Notk.—Positive pressures acting from port to starboard.
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FIGURE 18.—Pressura distribution on lower fin and rudder. Reversal of helm—starboard to port. Run No.
3C—timing interval 6. Rudder position 12° 06’ port. Alrspeed 45.3 M., P. H.

No1E.—Posltive pressures acting from port to starboard.



473

FLIGHT TESTS ON U. 8. S. LOS ANGELES

_,m {2 V a m SR
O roe w/ s . w/a
mﬁ.z /U6 ‘w\uuu\uuﬁu\ “M u N W/ UE? .u\uum._m.u & 1ope
1 — .
¥o .0tz ] g2 §8
L \ & m o
oy " w082 o g W
y | gk LW
' 2 [31
,m_ mm 8
. ~
.- V.“\f}-\n MR " V
n o 065 .ﬂm N -/
- S
Py i % 6642 & ]
F10 c15] POO) Ll Juoynssy mm s »!
he v
g1" . & $1e
“m . K
o . &
g5 4
o /" - o
y \mav mw .m " W m.v
8 5
] . [=] “
dg 2
mm M DE T qwoynss,
- - 95F Sy . pogy by puoynsay
// EE m . v 08
. =1
" 0% SA B Y. -
MA“ m
'd
e : W - ov
b {
LU;&D}Q e e — m = Nht\t (- T i
“e - — . — ‘U412 poo/ S5 g sepphyTmoreeiames -
Q.V\N e ~ Tepprid JUBHAEI 4M m o OB
» -% o Py e — m. D_._ w :Q.ham.
. . 5
$/NOZE ~ ~ m X /LS
[«
[

timing intervals. Rudder poaition 12° 3¢ port. Alr speed 53.4 M. P. H. (approximatae)

NoTE.—Positive pressures acting from port to starboard.
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Ficusx 21.—Pressure distribution on lower fin and rudder. Reversal of helm—starboard o port. Run No. 17D—
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F16URE 22.—Pressure distribution on lower fin and rudder. Reversal of helm—starboard to port. Run No.
17D—timing Interval 7. Rudder position 12° 80" port. Alr speed 52.6 M. P, H. (approximate)

Nore.—Positlve pressures acting from porf to starboard,
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FiouRE 23.—Pressure distribution on lower fin and rudder. Reversal of helm—port to starboard to port. Run No.
17D—timing interval 8. Rudder position 12° 30° port. Alr speed 54.8 M. P. H. (approximate)

Note.—Positive pressures acting from port to starboard.
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F16ORE 24,—Pressurs distribution onlower fin and rudder. Flying through gnsts. Run No.4A—125 seconds from
NoIx.—Positive pressures acting from port to starboard.
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FIGURE 28.—Pressure distribution on lower fin and rudder. _Flying through gusts. Run No. 5A—}45 seconds from start,
Rudder position 8° 0 starboard. Air speed & M. P. H. (approximste)

NoT1e.—Positive pressures acting from port to starboard.
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FIGURE 27.—Pressure distribution on starboard fin and elevator. Flying through gusts. Run No. 5A—I146 seconds from start,
Elevator position 10° 15’ down. Alr speed 54 M. P. H. (approximate)

NoTx.—Positive pressures acting from lower to apper side of aurface.



FLIGHT TESTS ON TU. 8. §. LOS ANGELES 477

Pressure disfribufion around fromes /45 & I75

Note.

Posilive pressure -
plotted outside
of ship confour

0
|

Gy

FPressure, b/aq. 11,
A
1

Ny
L~

—

[ {’refsurie d/l?fdl;:u ﬁarn &/f.:\ng Ilaan'fua?w/ ?

o z20 30 40 50 &0 70 - 80 S oo na eag =20 g
Oistance from nose, £t

FIGURE 28.—Pressure distribution on hull. Flying through gusts. Rudder 3° (0" starboard; elevator 15° 36’ down. Run No. u;ﬁmlnz line No. 8%
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FIGURE 32.—Pressure distribution on hull. Steady turn—rudder 7° 51’ starboard. Run No. 5C—timing line ¢
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FIGURE 34.~—Pressure distribution on hull, Reversal of helm—starboard to port. Rudder 12° 21’ starboard. Run No. 3C—timing line 2
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Fi1GURE 36.—Pressure distribution on hull. Reversal of helm—starboard to port. Rudder 11° 83’ port.
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